Introduction
Doubly-charged scalar particles abound in exotic Higgs representations and appear in many models. 1 Of course, in assessing the attractiveness of a Higgs sector model containing a ?? many constraints need to be considered. For triplet and higher representations containing a neutral member, limits on the latter's vacuum expectation value required to maintain = 1 are generally severe. (The rst single representation beyond T = 1=2 for which = 1 is automatic regardless of the vev is T = 3; Y = ?4, whose T 3 = 0 member is doubly-charged.) Models with T = 1 and T = 2 can`automatically' have = 1 at tree-level by combining representations (the most wellknown example being a Higgs sector containing both Y = 0 and Y = ?2 triplets whose neutral members have the same vacuum expectation value). However, such models generally require ne-tuning in order to preserve = 1 at one-loop. The simplest way to avoid such problems is to either consider representations that simply do not have a neutral member (for example, a Y = ?3 doublet or a Y = ?4 triplet representation), or else models in which the vacuum expectation value of the neutral member is precisely zero. We will only consider models of this type in what follows.
Another source of motivation for and constraints on Higgs representations arises if we require uni cation of the coupling constants without intermediate scale physics. In the Standard Model, it is worth noting that quite precise uni cation is possible for a relatively simple Higgs sector that includes a triplet Higgs representation | namely, a single jY j = 2 triplet in combination with either one or two jY j = 1 doublets (the preferred number of doublets depends upon the precise value of s (m Z )). The neutral member of this single triplet would need to have zero vacuum expectation value to avoid problems. In the case of the minimal supersymmetric extension of the Standard Model, the only Higgs sector that gives precise uni cation is that comprised of exactly two doublet Higgs representations (plus possible singlet representations); any extra doublet representations (including ones with a doublycharged boson) or any number of triplet or higher representations (whether or not any doublets are present) would destroy uni cation. Thus, doubly-charged Higgs bosons would seem to be very unlikely in this context. However, by including appropriate intermediate scale physics, supersymmetric models with triplet and higher representations can often be made consistent with uni cation. In particular, supersymmetric extensions of the left-right symmetric models, which must contain triplet Higgs representations, typically do have matter at intermediate scales and the exact masses can comfortably be adjusted to achieve coupling uni cation. 4 Thus, allowing for the possibility that the two-doublet MSSM might not be nature's choice, experimentalists should be on the look-out for signatures of exotic Higgs representations. Since many of the more attractive higher representations include a doubly-charged Higgs boson, it is important to consider how to search for and study such a particle. The above list of allowed couplings is expanded in the left-right symmetric models where Q = T L 3 + T R 3 + Y 2 . Indeed, in left-right symmetric models there is a jY j = 2 Higgs triplet representation that has lepton-number-violating couplings to right-handed leptons. The right-handed neutrino states acquire a large mass when the neutral member of this`right-handed' triplet acquires a non-zero vev. This large mass in turn leads to a light neutrino mass eigenstate via the popular see-saw mechanism. The phenomenological analysis we present below would have to be extended in the case of this triplet since its neutral member has a vev. However, in the left-right symmetric models there is a second,`left-handed', jY j = 2 triplet that couples to left-handed neutrinos and leptons. The strength of the coupling is the same as that associated with the right-handed sector. As usual, the neutral member of this`left-handed' triplet must have a very small vev in order to preserve = 1, and the phenomenology of this triplet's doubly-charged member would be as described below. The strength of the lepton-number-violating coupling (common to the right and left sectors) required to make the see-saw mechanism work properly in the right-handed sector is typically such as to fall into the range that we shall claim can be probed in e ? e ? collisions through production of the doubly-charged member of the left-handed triplet.
In the case of a jY j = 2 triplet representation (to which we now specialize) the lepton-number-violating coupling to (left-handed) leptons is speci ed by the Lagrangian form: 
In left-right symmetric models would have to be subscripted as L , and there would be a Lagrangian component analogous to that given in Eq. (2) with L ! R everywhere.
The strengths of the couplings in Eq. (2) 
where it will be useful to keep in mind that c ee < 10 ?5 is the strongest of the limits. Finally, we remark that constraints on the h ij through couplings for the 0 and ? should also generally be incorporated for the speci c model being considered. The only such constraint that is potentially stronger than those outlined above is that associated with Majorana mass terms for the neutrinos coming from their couplings to the 0 . One nds 3 m ij = 2h ij h 0 i. If h 0 i were of order the SM vev, then, for example, m e < 1 eV (as required to prevent neutrinoless double-beta decay from being observable) would imply h ee < 10 ?14 . However, this constraint clearly goes away if 0 does not have a signi cant vev. In the present study, we assume (as stated earlier) that the vev is, in fact, exactly zero, so as to avoid problems associated with maintaining = 1 naturally.
General Phenomenology for a ??
Given adequate machine energy, production of ?? ++ via ; Z exchange at either an e + e ? or pp collider will yield an observable signal. At an e + e ? collider the cross section for pair production of a boson with weak isospin T 3 and charge Q and its conjugate is given at energies s m 2 Z by: In this section, a we shall show that e ? e ? collisions are capable of probing extremely small c ee values | values, for example, that span a very large portion of the parameter space for which the see-saw mechanism for neutrino mass would be natural.
A crucial ingredient in the potential of e ? e ? collisions for producing the ?? at an observable rate is the p s spectrum. This is determined by the amount a This section employs some of the ideas developed for neutral Higgs detection via direct s-channel production in + ? collisions. 6 of bremsstrahlung and beamstrahlung of photons from the initial e ? 's. Possible designs for the e ? e ? collider are still being developed, but typically point to a spectrum that can be approximated by a Gaussian in the vicinity of the peak energy, with a 1 sigma rms resolution given by 0:2% p s, accompanied by a tail (coming from the beamstrahlung and bremsstrahlung). Current estimates 7 for a 250 GeV 250 GeV machine are that roughly 38% of the total luminosity will reside in the narrow Gaussian centered at the nominal machine energy, with the tail being such that the average energy loss from beamstrahlung and bremsstrahlung will be of order 3%. If the e ? e ? collider is run at lower energies, more of the luminosity would remain in the central Gaussian peak. The instantaneous luminosity of the design now being considered is L 6 10 33 cm ?2 sec ?1 for the 250 GeV 250 GeV case, leading to a total yearly luminosity of order L = 60 fb ?1 , of which roughly L = 25 fb ?1 would reside in the central Gaussian peak. For the estimates made below, we adopt the working hypothesis that a few years of running will provide a total L = 50 fb ?1 in the central 0:2% Gaussian peak, for all machine energies below p s 500 GeV.
Further, we shall ignore the extra luminosity that resides outside the Gaussian peak; this luminosity would act to increase the rate for ? 1) . The minimum c ee for which we will be able to detect the ?? increases proportionally to the number of scan points required to span 2 m ?? at intervals of . One could conceivably lose as much as a factor of 10 in c ee sensitivity in some cases.
In the very unlikely event that we are unable to exclude the existence of a ?? with m ?? < 500 GeV by searching for ?? ++ pairs at the LHC, then directly searching for a ?? at the e ? e ? collider could be considered. This would require scanning over a broad energy range. Assuming that we could be con dent from the NLC that there is no ?? with mass below about 250 GeV, then for R = 0:2% we would need about 350-400 energy settings to cover the 250 ? 500 GeV mass range.
This would obviously increase the minimum c ee value for which a signal could be detected at each scan point by a similar factor. However Before concluding this section, we note that the ability to polarize the beams could prove very valuable. Returning to Eq. (1), we see that the hypercharge of the ?? could be determined directly (up to possible extensions of the charge formula such as in the left-right symmetric models), not to mention the fact that the cross section would be enhanced by a factor of four.
Final Remarks and Conclusions
Although currently out of favor because of the success of the minimal supersymmetric model, there are well-motivated models containing triplet and other Higgs representations which include a ?? Higgs boson. If such a boson exists in the mass range < 500 GeV accessible to the e ? e ? collider option at the NLC, it is very likely to be observed at the LHC, even if too heavy ( > 240 GeV) to be seen in coupling is near its current upper bound. More generally, limits on the square of this lepton-number-violating coupling could be improved by roughly 8 orders of magnitude at the e ? e ? collider, with some dependence on the ?? total width and decay pattern. In left-right symmetric models, this implies sensitivity to much of the coupling strength range for which the see-saw mechanism for neutrino mass generation operates most naturally.
Further Both advantages derive from the much reduced beamstrahlung and bremsstrahlung associated with muon beams. First, the resolution R for a ? ? collider could potentially be much smaller than that for an e ? e ? collider, and, in addition, more of the total luminosity will reside in the Gaussian peak centered at the nominal machine energy. Preliminary studies of + ? colliders indicate that R values as small as R 0:01% might be achievable. 9 In the case that ? ?? is very small, a factor of roughly R( )=R(ee) increase in the ?? production rate and corresponding sensitivity to c vs. c ee would result from the superior resolution alone. In the absence of on-shell ? W ? decays of the ?? , c values in the 10 ?15 range would be probed for R( ) 0:01% assuming that the ?? is already discovered at the LHC or NLC so that a broad scan is not necessary. The second advantage of a collider might turn out to be larger energy reach. It is anticipated 8 Overall, it is apparent that if a doubly-charged Higgs boson is found at the NLC b We note that + ? colliders are already being actively considered. 8 or LHC, e ? e ? and ? ? colliders would separately and in combination provide enormously important information concerning the structure and interactions of the Higgs sector.
